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FOREWORD 
This report details the performance of the payload system during 
| the operational phase of the Programe ght Test Vehicle 1657. 
Lockheed Missiles and Space Company has the responsibility for 
evaluating payload performance under the Level of Effort and "J" 
System contracts. 
This document constitutes the final payload test and performance 


evaluation report for Mission 1109 which was launched 4 March 1970. 
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INTRODUCTION 


This report presents the final performance evaluation of Missions 
1109-1 and 1109-2 of the Corona Program. The purpose of this report is 
to define the performance characteristics of the CR-10 payload system and 
to identify the source of in-flight anomalies. 

The performance evaluation was jointly conducted by representatives 
of Lockheed Missiles and Space Company (LMSC) and ITEK at the facilities 
of NPIC and AFSPPF. The off-line evaluation of Corona engineering photo- 
graphy acquired over the United States was performed at the individual 
contractors plants. 

The quantitative data used for this report is obtained from government 
organizations. The diffuse density data, and MIF/AIM resolution are produced 
by AFSPPF. The vehicle attitude error values and frame correlation times 
are made at NPIC who also supply the Processing Summary reports published 
a 

Computer programs developed by A/P are utilized to calculate and plot 
the frequency distribution of the various contributors to image smear to 
permit analysis and correlation of the conditions of photography to the 
information content and quality of the acquired pictures. Computer analysis 

ror of the exposure, processing and illumination data provides the necessary 
data to analyze the exposure criteria selected for the mission. 


This report contains certain data summarized from 





Processing Summary, and from AFSPPF TERO Report for this mission. 
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MISSION SUMMARY 


A. MISSION OBJECTIVES 

The payload section of Mission 1109, placed into orbit by Flight Test 
Vehicle 1657 and THORAD Booster (SLV-2H) S/N 041, consisted of two panoramic 
cameras, one DISIC camera, two Mark 5A recovery capsules and a space structure 
to enclose the cameras and provide mounting surfaces for all equipment. 
Figure 1-1 presents an inboard profile of the CR-10 payload system. The 
Corona "J" system was designed to acquire search and reconnaissance photo- 
graphy of selected areas of the earth from orbital altitudes. A seven day 


-l mission and 4 twelve day -2 mission was planned. 


B. MISSION DESCRIPTION 

The payload was launched from Vandenberg Air Force Base (VAFB) at 
2215:002 (1415:00PST) on 4 March 1970. Ascent end injection were normal 
and the achieved orbit was within nominal tolerances. Tracking and command 


support was effected by the Air Force Satellite Control Facility consisting 






of tracking and command-stations at 


Po under central control of the Satellite 


Test Center at Sunnyvale, California. Mission 1109-1 consisted of a seven 
day operation and was completed by afr recovery on 11 February 1970. 
Mission 1109-2 was completed with an air recovery on 23 February 1970 
following a twelve dey photogrephic operation. 

The comparison of the planned and actual orbit parameters is tabulated 


as follows: 7 
| | 
GROUR ! 
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ORBITAL PARAMETERS 


Orbit 2 
Parameter Planned Actuals 
Period (Min.) 88.92 88.38 
Perigee (N.M.) 81.3 83.7 
Apogee (N.M.) 162.5 — 140.3 
Inclination (Deg.) 88.0 88.00 
Perigee Latitude (Deg. N) 33.0 57.75 
Eccentricity 0.0115 -0082 


Five drag make-up rockets were fired during Mission 1109-1, and two 


during 1109-2. 


C. PANORAMIC CAMERAS 

The forward and aft looking instruments operated satisfactorily through- 
out both missions, and produced good to fair imagery except where degraded by 
atmospheric haze. Both instruments contained 16,300 feet of standard base 


type 3404 film which passed into the recovery system without a wrap-up. 


D. §DISIC CAMERA 

The DISIC camera operated satisfactorily throughout both missions. 
Although several characteristic markings are present on the record, no 
significant photographic degradation occurred. Most starboard and port point 
stellar images were of good quality. The index record is also good and 


— slightly better than that obtained from previous missions. 


E. OTHER SUB-SYSTEMS — 
The pressure make-up unit, the clock and the thermal control subsystems 
performed satisfactorily, as did the digital shift register portion of the 


command system V/h and exposure programmer. 
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F. COMPONENT IDENTIFICATIONS AND SETTINGS 
1. Forward Looking Panoramic Camera 
a. Component Ass‘gnment 
Component Serial No. 
Main Camera 321 
Main Camera Lens i211 
Supply Horizon Camera Lens E23769 
Take-up Horizon Camera Lens E23775 
b. Camera Data and Flight Settings 
Main Camera: 
Lens 24" £/3.5 
Slit Widths 
s, 0.180" 
Ss, | 0.224" 
S, 0.261" 
S) 0.145" 
F/S 0.210" 
Filter Types 
Primary Wratten 25 
Secondary | Wratten 23A 
Film Types Eastman Type 3404 (16,300 ft.) 
_ Supply (Port) Horizon Camera: 
Lens | 45.4 um £/6.3 
Aperture Setting £/6.3 
Exposure Time 1/100 second 
Filter Type Wratten 25 
GROUP f | 
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Take-up (Starboard) Horizon Camera: 


Lens 45.4 mm f/6.3 
Aperture Setting £/8.0 
Exposure Time 1/100 second 
Filter Type Wratten 25 


2% Aft Looking Panoramic Camera 


a. Component Assignment 


Component | Serial No. 
Main Camera 320 
Main Camera Lens I212 
Supply Horizon Camera Lens £23803 
Take-up Horizon Camera Lens E23794 


b. Camera Data and F ight Settings 


Main Camera: 


Lens 24" £/3.5 
Slit Widths 
S, 0.150" 
-8, 0.197" 
S, | 0.238" 
s, 0.267" 
F/S 0.164" 
o Filter Types 
Primary Wratten 23A 
Secondary _ Wratten 25 
Film Types 
Primary Eastman Type 3404 (16,300 ft.) 
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Supply (Starboard) Horizon Camera: 


Lens 
Aperture Setting 
Exposure Time 


Filter Type 


45.3 mm/f6.3 
£/8.0 
1/50 second 


Wratten 25 


Take-up (Port) Horizon Camera: 


Lens 
Aperture Setting 
Exposure Time 
Filter Type 
3. . DISIC Camera 
a. Component Assignment 

Component 

Camera 

Index Reseau 

Stellar Reseaus 
Port 


Starboard 


45.4 mm £/6.3 
£/6.3 
1/100 second 


Wratten 25 


Serial No, 


009 
112 


13P 


b. Camera Data and Flight Settings 


Stellar Cameras: 
Lens 
Exposure Time 
Filter Type 


Film Type 


3.0 in.f/2.8 
1.5 seconds 
3401 (2000 ft.) 


- Eastman Type 3401 (2000 ft.) 
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Index Camera: 


Lens 3 in. £/6.3 
Exposure Time 1/500 second 
Filter Type Wratten 12 
Film Type Eastman 3400 (2200 ft.) 
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SECTION 2 
PRE-FLIGHT SYSTEMS TEST 


The CR payload systems are subjected to a sequential series of 
tests required to demonstrate a satisfactory confidence level in the 
flightworthiness of the systems. These tests include static verification, 
dynamic performance, operation in simulated thermal-altitude environment, 
light leak evaluation and dynamic photographic performance measurements. 
Significant baselines experienced on CR-10 during pre-flight testing 


are as follows: 


A. ENVIRONMENTAL TESTING 
Payload system CR-10 was tested twice in the environmental HIVOS 
chamber; in standard configuration from October 24 through October 30, 1969, 
and again from January 8 through January 12, 1970. 
1. HIVOS Test No. } 
Pan Instruments | 
Standard base 3404 film was used in both forward and aft instru- 
ments for the -1 mission simulation. Special color film, SO-242 was 
spliced onto the tail end of both supplies. Standard base 3400 film 
was used on both the DISIC Terrain and Stellar units. 
With the PMU disabled, at a pressure of 3 to 5 microns of mercury, 
the 3404 film showed start-up corona, and was found to be within 


acceptance levels. Upon enabling the PMU, no marking was evidenced. 
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Unacceptable corona (277) was produced by instrument No. 1 at pressures 
between 11 and 36 microns during pressure sweeps. 

Minimal start-up corona occurred on several operations in which 
color film was used during inactive PMU periods. Both instruments 
showed no marking during PMU operation or during pressure sweeps on 
No. 2 instrument. Instrument No. 1 went into fail-safe prior to 
pressure sweeps. 

Instrument No. 1 sheared a pin in the output metering roller 
1739 frames into the -2 mission. The sheared pin was attributed to 
a splice peel-back. Because of this failure, pressure sweeps on the 


$0-242 were not obtained. 


DISIC Camera 
The DISIC Terrain manifested no corona during the -1 mission, but 
46% of the -2 mission was marked when pressures measured less than 
10 microns of mercury. 
The DISIC Stellar camera showed corona on all starboard formats 
of the -l1 mission. Approximately 70% of the starboard and port formats 
of the -2 mission were marked. Some of this marking was attributable 
to the SLP data head clamping pressure. 
Except as noted, the DISIC performed satisfactorily throughout 
the -1 mission, but the Stellar unit, after DISIC cut and splice, in- 
dicated slow npr take up. Although the metering continued to degrade 


during the -2 mission, the mission was completed. 
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Command System 
The AGE command system utilized a programmed "H" timer tape to 


simulate all Uncle commands, except as follows: PMU Enable/Disable, 
DSR Load Enable, Load and Logic Enable (Uncle 200-245). These commands 
were issued manually. Only minor problems occurred in commanding and 
these were corrected by repunching the "H" timer tape. 

Both the V/h programmer (Slope) and exposure programmer (Switch) 
operated satisfactorily through the test. The computed accuracy of 
these functions was found to be within design specification. 

The Clock/IRIG "C" accuracy when computed over a 5 day period, 

‘was within the 10 ms/day criteria. 


The PMU performed normally. 


2.  HIVOS Test No. 2 
Pan Instruments 
The CR-10 payload was tested the second time in the HIVOS chamber 

between 8 and 12 January 1970. Both panoramic cameras were loaded 

with standard thin base 3404 film. Start-up corona was evident at 

pressures from 2.2-to 4.4 microns, but the density and extent of the 

marking was found to be within acceptable levels. Film from No. 1 

pan camera (S/N 320) manifested a two inch square mark, which 

correspondingly occurred at 6.5 microns, but being trivial, was waived. 

Pan camera No. 2 (S/N 321) manifested corona during the pressure 

sweep sequence (86-98 microns) , but, the marking density was lew. 

In as much as the corona was light and also beyond the PMU normal 

pressure range, these markings were also waived. 
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The main instrument operated satisfactorily throughout the 
second HIVOS test except: 

a. The specification limit of 100 ms between centers of 

format was exceeded when instrument No. 2 required 450 ms 

longer to actuate the first c/f switch. The High Efficiency 


Amplifier, HEA, is suspect. 


b. The slit drive was sluggish on instrument No. 1 at 


altitude. Further chamber tests are contemplated. 


DISIC 

Generally, satisfactory performance throughout the test. A new 
take-up unit was used during this test. The terrain film was gen- 
erally free from corona marking. Some electrostatic discharges along 
the film edge affected 15 frames. It is uncertain whether this marking 
occurred during test or retrieval, nevertheless it was within accept- 
able levels. The stellar film had a + density streak for 122 frames 
and may have been corona. The density of the streak was 0.06 above 
reseau fog in formats. Between formats, the density of the streak 
did not exceed 0.02 above base fog. 6% of the test formats were 

. affected but, the marking was within acceptance levels. 

| Subsystem Performance 

No anomales in performance were experienced in either the V/n 
or exposure programmer, both operated satisfactorily throughout the 
test. When the cycle rates were computed, they were found to be within 


specifications. 
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The Clock/IRIG "C" accuracy check over a 3 day period, when com- 
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puted, was found to have an error less than the 10 ms/day criteria. 
The PMU operated normally throughout the test. 
B. RESOLUTION TEST 
Three weeks of resolution testing on CR-10 were concluded on December 
13. Some initial difficulties in ascertaining the location of peak focus 
were resolved by revised criteria provided by ITEK. 
The results of the thru focus resolution tests on the pan instruments 
showed the following characteristics: 
Aft-looking Instrument S/N 320 - 
Maximum low contrast resolution 165 lines/mm at 0.0006 peak 
foeal position. 
Forward-looking Instrument S/N 321 - 
Maximum low contrast resolution 208 lines/mm at 0.0003 peak focal 
position. 
The final test data for both instruments is shown in Figures 2-1 and 


2-2. Both instruments met the system requirements specification. 


C. LIGHT LEAK TEST 

The photomultiplier light search test conducted after flight loading 
indicated that the system was free of any light leaks. Evaluation of the 
flight test specimens that were later retrieved and processed also showed 


that the system was light tight. 





| HANDLE VIA 


GROUP 7 ee 2 
EACUSE'D FROM AUTORATIC —— eae i 
absts Fa t 
_GHSSARRE RED BECLASSIEICATION OP-SEEREFIC 


Page 19 of 74 


woe Vo FGP-SECREF/C 
CONTROL SYSTEM ONLY 


D. FLIGHT LOADING AND CERTIFICATION 

The DISIC #9 was loaded and installed in the CR-10 system on 24 February 
1970. The pan CR-10 system was also loaded on 24 February 1970. Film samples 
taken from both DISIC and pan systems were processed and evaluated. They were 
free of physical defects and the photographic characteristics were satisfac- 
tory. All functions were normal, and as noted in the preceding paragraph, 


the light leak search test showed that the system was light tight. 
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SECTION 3 


FLIGHT OPERATIONS 


A. SUMMARY 

Lift-off for Vehicle 1657 occurred at 14:07:00 GMT on 4 March 1970, 
using the SLC-3 west pad, from Vandenberg. The planned mission objective of 
19 days was concluded with successful recoveries of the -1 mission after 7 


days and the -2 mission after an additional 12 days. 


Reset (door ejection), A/P to Orbit Mode, Instrumentation Switchover, 


and Panoramic Camera Transfer to Orbit Mode occurred as programmed.’ 


Because of e "cold burn", the booster went to fuel depletion, and the 
velocity meter shut down occurred seven seconds late. The Agena made up 
all but 48FPS of the 233 FPS which the "cold burn" caused. As a result of 
this disparity in velocity, the orbital period was approximately 30 seconds 


shorter than predicted, making the attained orbit outside the 3 o- dispersion. 


Both panoramic cameras operated normally, throughout both missions 
exhausting their film supply during Revs 300 and 301 for instruments 320 and 


321 respectively. 


The DISIC system also functioned satisfactorily during both missions. 
The DISIC terrain film supply was exhausted during Rev 296 and the last 
— titled stellar format occurred during Rev 300. Cut, splice and transfer 


transpired as programmed and were satisfactory. 


The Real Time Command (RTC) system operation, utilizing both "Uncle" 
and "Silo" command systems operated satisfactorily throughout the flight. 
The Digital Storage Register (DSR) performed satisfactorily throughout the \ 


flight. 
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A satisfactory match of the required FMC was peintatoea during both the 
-l and -2 missions. 

The clock system operated normally and satisfactorily. Satisfactory 
clock/system time correlation was obtained. 

The slit control programmer operated satisfactorily during both missions, 
however, the majority of operations were made with the control in a fixed slit 
position. 

PMU operation throughout the flight was satisfactory. The gas consump 
tion rate was such that, at the conclusion of the -2 mission, the gas supply 
had not depleted. 

The SRV tape recorder tape from the -] mission experienced a high loss 
of synchronization in the ADAPS processcr. The tape recorder in the -2 
mission, however, performed satisfactorily. 

The -1 mission recovery capsule was successfully recovered by air catch. 
All re-entry events were within tolerance. The impact was within tolerance, 
although not as predicted. 

The -2 recovery was also successfully recovered by air catch. All re-entry 


events were within tolerance as was the point of impact. 
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DMU_Operation 


Seven DMU rockets were used for period control and orbit adjust to 
satisfactorily maintain ground tracks. Rockets #1 and #2 were fired on Revs 
3 and 4 for orbit adjust of approximately 30 seconds which resulted on the 
"cold booster". Rockets 3, 4 and 5 were fired on Revs 27, 60 and 87 respec- 
tively with nominal performance and gas usage. Rockets 6 and 7 were fired 
during the -2 mission on Revs 150 and 223 again with nominal performance and 


gas usage. 


A compromise was necessary during Rev 206 to achieve a desired perigee 
altitude and/or location to allow the ground track to cover a desired target. 


The compromise did not degrade mission performance. 


The following is a summary of the DMU firings: 





Rocket Pass System Period Velocity Period 
me er Geet) Leen) i/sec, ‘Firing 
1 3 07798 15.10 25.22 88.24 

2 4 15523 10,44 16.61 88.38 

3 27 51372 15.50 24.70 88.40 

4 60 548895 10.60 16.95 88.43 

oa 87 26814 15.62 24.80 88.42 

6 150 16020 17.50 27.92 88.39 

7 223 | 59586 17.39 27.77 88.32 


Figures 3-1 and 3-3 are plots of orbit history and operation distribution 


data. 
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B. ORBITAL PARAMETERS 
The following tabulation describes the orbital parameters achieved, as 


a result of the booster "cold burn", as compared to those predicted. 


Actual Actual 
Parameter Predicted Tolerance STC APF 
Period (Min) 88.92 40.92, ~0.45 88.41 88.38 
Perigee (mm) 81.3 +6, -6 84.1 83.7 
Apogee (nm) 162.5 #11, -19 141.3 140.3 
Eccentricity 0.0115 +0.0020, -0.0031 0.0078 0.0082 
Inclination (Deg) 88.00 +0.22, -0.16 88.01 88.00 
Argument of Perigee(Deg) 147 +47, -46 120.1 122.0 
Regression Rate 22.3.0 ee 22.18 22.23 
(Deg/Rev) 
Perigee Latitude 33 +48, -49 -_—--- 57.75 
(Deg N.) 


C. PANORAMIC CAMERA PERFORMANCE 

- Both panoramic cameras #320 and #321 exhibited normal film transport 
characteristics and operated satisfactorily throughout the flight. Each of 
the cameras was loaded with 16,300 feet of standard base type 3404 film, which 
passed the tag end into the recovery systems without a film wrap-up. Film 
depletion for camera #320 occurred on frame 53 during Rev 300, and frame 9 


during Rev 301 of panoramic camera #321. 


Panoramic Camera #320 Panoramic Camera #32 
Sample 20 30 
Pre—Launch 123 124 
~]1 Mission 3010 3005 
~2 Mission 3030 | , 3046 
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D. DISIC PERFORMANCE 

The DISIC camera performed satisfactorily throughout the ~l and -2 missions. 
The terrain camera was loaded with 2200 feet of type 3400 and the stellar camera 
with 2000 feet of type 3401 filn. 

Cut, splice and transfer to the second recovery system were commanded by 
KIK-SILO 39 on Rev 109. All events occurred as programmed satisfactorily. The 
terrain instrument depleted its film during frame 12 on Rev 296. The stellar 
instrument film was not exhausted at the -2 mission recovery. 


Film consumption, in frames, occurred as listed: 


Stellar Terrain 
Sample 20 24 
Pre-Launch 60 108 
~l1 Mission 2406 2427 
-2 Mission _2780_ _2681 _ 
Total 5266 5240 


'E. INSTRUMENTATION AND COMMAND SYSTEM PERFORMANCE 
The command and instrumentation system utilized the Space Ground Link 
Equipment (SGLE). Pan camera ON-OFF in the normal operating mode utilized a 
cascade of H timer stored commands enabled by the Digital Shift Register (DSR). 
An emergency operating mode capability also existed. 
Both the command and instrumentation systems performed satisfactorily 
throughout both missions. Mission 1109 was the first flight to utilize SILO 


327 operational—diagnostic data selection. 
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F. FORWARD MOTION COMPENSATION PERFORMANCE 

A match of the required FMC to the actual attained was within the prescribed 
limits of less than + 1% for most operations. The mean error for the ~1 mission 
was -0.30% for a total of 2946 frames and the lo~ dispersion was 0.87%. The 
mean error for the -2 mission was -0.27% for a total of 3155 frames and the 
1 Oo dispersion wes 0.66%. 

Figures 3-4 and 3-5 show the central tendency of the V/h error for the -] 
mission. When compared with Figures 3-6 and 3-7, which represent the -2 mission, 
the dispersion is greater. The difference in dispersion is a result of the 
"cold burn" of the booster. Later in Revs 3 and 4, DMU rockets #1 and #2 were 
fired to correct the period and orbit parameters. 

Initial flight FMC settings for the eccentricity function period was 3900 
seconds and the delay step increment was set at 50 seconds. The oblateness 
function period was set at 2622 seconds with a gain factor of 0.0998. 


Both the oblateness and yaw functions were normal and satisfactory. 


G. EXPOSURE CONTROL SYSTEM PERFORMANCE 

The exposure control programmer functioned satisfactorily throughout both 
missions although the majority of operations were taken in fixed slit positions 
because of orbit exposure requirements. 

Initial settings were T, 60 seconds, T, (DISIC exposure to 1/500) 380 


seconds, T, (Slit position 3 duration) 400 seconds, T, (Slit position 2 duration) 





40 seconds, T, (DISIC exposure to 1/250) 100 seconds and Te (420-T,) = 360 
seconds. 
GROUF 
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CLOCK SYSTEM PERFORMANCE 


The clock system operated normally throughout both missions. Good 


correlations between clock and system time was obtained with the second order 


fit data recommended for time correlation. Correlation equations and constants 


were as follows: 


First Order Fit 


System Time = Ago + Aj (clock time) 


where 
Ag = 166297.04306 Al = 0.9999998169647 
Sigma = 0.00308547 No. of points 404 


Second Order Fit 


System Time = A, + A, (clock time) + A2 (clock time)* 


where 
| ho = -166297.05489 Ay = 0.9999998476421 
Ao = -0.53773788184484D-13 Sigma = 0.00123341 


No. of points 404 


PMU SYSTEM OPERATION — 


The PMU system utilized a dual bottle without a pulsing network. The 


surge valve controller timer (large orifice, time A) was reset to 1.3 seconds 


"on time" with the small orifice "on" continuously. The gas consumption was 


—~ 4.4 lbs/min. 


The PMU system operated satisfactorily throughout the flight and arproxi- 


mately 1500 psi remained at the conclusion of the ~2 mission, 
| : 
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J. THERMAL ENVIRONMENT 

The temperature data obtained during flight indicated that the temperature 
environment was slightly cooler than was predicted for the -l1 mission. The -2 
mission followed the lower end of the temperature vs beta angle prediction curve 
(refer to Figures 3-8 to 3-10). The average temperature for both cameras was 64° and 


remained almost constant throughout the mission. 


K. RECOVERY SYSTEM PERFORMANCE 

The ~l mission capsule was successfully recovered by air catch during Rev 
115; all re-entry events were within tolerance. The impact was within tolerance 
although 40 niles north of predicted. 

The -2 mission capsule was successfully recovered by air catch during 


Rev 309. All re-entry events were within tolerance as well as the impact. 


L. SRV TAPE RECORDER SYSTEM 

During the processing of the -1 mission SRV tape recorder, the ADAPS 
processor experienced a high loss of sync. This loss of sync was present on 
both Digital Data 1 and Digital Data 2. 

The tape recorder in the ~2 mission performed satisfactorily. A total of 


237 minutes of data was retorded and processed from the two recorders. 


M. POST EVENT 2 TESTING 

Post event 2 flight testing consisted of activating the camera system on 
alternate revs to produce a heavy current load in order to deplete battery and 
monitor solar array power prior to vehicle re-entry. Heavy load was applied 
continuously from Revs 338 through 355. During Rev 355. the battery voltage 
dropped below 22 volts and the vehicle was stable and sii-agdteas operational. 

The vehicle re-entered on 26 March 1970 during Rev 357. The point of im - 
pact was 12° south and 41° west. 
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N. RADIATION DOSAGE 

Each recovery system on Mission 1109 carried a sealed packet of types 3401 
and Royal X-Pan film to determine total radiation received at the total cassettes. 
When the irradiated film packets were developed and their densitometric values 
compared with pre-flight samples, the levels were found to be below those 
which would degrade the photography. 


The following are the results of the radiation level equivalents: 


Mission 1109-1 Mission 1109-2 
Emulsion 
3401 0.20R 0.40R 
Royal X~Pan 0.40R 0.50R 
a 
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“40 on Mission 1109-1 
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PANORAMIC CAMERAS 
1. Image Qualit 
The overall quality of imagery from the panoramic cameras was highly 


variable, ranging from outstanding to poor. The best imagery of this 


mission approached but did not equal the best ever obtained with a J=3 


system. Average quality was better than a nominal J-3 performance. Photo 
interpretation suitability was reported by users to range from fair to 
good. Variability in quality was caused by focus variation in the formats 
as well as variations in scale (vehicle altitude) and atmospheric conditions. 
This was the first time that third generation lenses had been flown in 
both pan cameras. Although imagery from the. aft camera was generally 
comparable with that of the forward camera, the latter camera showed a small 
but consistent superiority. This relationship is consistent with preflight 
system resolution test par tommenes. The extent of variability in both 
cameras is directly nelated to their having third generation lenses. While 
these lenses have a cons{derable improvement in peak focus resolution, their 
off-peak focus resolution drops rapidly. Thms slight variations in film lift 
that are inherent in the system design may result in large variations in image 
quality. | 
A systematic variation in image quality across the formats of both cameras 
is regarded as a system characteristic. As has been the case with other 
systems, the imagery along the time track edge tended to be less sharp. 
Generally, however, the imagery was of good quality and better examples 


retained their quality at 50 X magnification. 
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The MIP rating of the -1 mission was 110, while that of the -2 mission 
was 100. The variation in rating of the two mission segments was not 
representative of overall performance. Overall quality of the two segments 
appeared to be equal. The cause of the lower rating for 1109-2 appears to 
be due predominently to atmospheric conditions of the 1109-2 MIP frame. A 
secondary factor was a five percent smaller scale. 

Controlled Renge Network (CORN) targets acquired on three engineering 
operations through the flight were evaluated. All three operations acquired 
coverage by both cameras of mobile targets including 51-51 T-bar and 
Vernier T-bar arrays. Additionally, fixed targets at Ft. Huachuca and 
Edwards AFB were acquired on two of the same engineering operations. The 
average observations of three readers are summarized in Table 4-1. It is 
apparent that the superiority of the forward camera over the aft camera 
that was observed during system test was maintained in flight. The level 
of flight performance of both cameras is also consistent with test results. 

Since this was the first mission to have both pan cameras use third 
generation lenses, it was planned to compare the results of each camera 
using both Wratten 234A and 25 filters. The third generation lens is designed 
for use with the Wratten 25 filter. Fron both theoretical gna experimental 
data, it Gantpispected that a ead but detectable loss of image quality 
might occur with the shorter wavelength transmission of the Wratten 23A filter. 
Primary filters were W-25 and W-23A for the forward and aft cameras respectively. 
Alternate filters were W-23A and W-25. Special arrangements of the exposure 


slits allowed proper exposure adjustments for both snow and no snow conditions 
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with the alternate filters. Although the alternate filter combination 
was exercised on several operations, suitable imagery for critical com 
parisons was not acquired. 

An experimental objective of the mission was comparison of the value of 
photography from a range of altitude. This objective was not achieved 
because the range of altitude was not achieved and the variable image 
quality precluded valid comparisons. 

2. Data Recording 

Both pan cameras produced complete and normal auxiliary data on all of 
the recovered photography. Imtagery of the PG rail holes, scan lines, 200 cycle 
time marks, slur pulses, camera serial numbers, time words, start of pass 
marks, and horizon fiducial marks were present and acceptable throughout 
both mission segments. 

3. Anomalies 

There are eerie sucmalies that recur from mission to mission and others 
that are characteristic of a particular system. While such anomalies have 
not been eliminated, their effects on flight imagery have been minimized. 

The CR-10 payload system had fewer anomalies than any previous "I" system. 

A crease and associated plus density mark are present in frames 26 and 27 
of pass D74 from the forward camera. It begins approximetely 15 inches before 
and extends 36 inches beyond a manufacturing splice located in frame 27. The 
crease is located on the binary edge in the border area of the film. The 
crease was caused by riding over a roller flange as a result of mistracking 
at the splice. This condition is observed occasionally during test with the 
passage of a splice. No corrective action was required. 
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Two minus density bands were observed et the extreme takeup end of some 
aft camera frames. The cause of this anomaly is unknown. The effect is 
similar to that produced by a hesitation at the start of scan. Since the 


condition occurs in the bonus area at the end of the format, there was no 


‘adverse affect. No action was recommended. 


Characteristic anomalies having a minor affect on performance included 
minor fogging during shutdown periods. The density of fogging was 
commensurate with the duration of shutdowns. Rail scratches were present 
along the edge of films from both cameras. The degree and extent of 
scratching was similar to that observed before the flight. No action was 
indicated on these characteristic anomalies. 

HORIZON CAMERAS 


Both horizon cameras on both pan cameras functioned properly and produced 


well-defined imagery throughout both mission segments. 


D. 


DISIC STELLAR/TERRAIN CAMERAS 


1. Stellar Cameras 


Both stellar cameras functioned properly throughout both mission segments. 


The orbit and launch time of this mission provided illumination conditions 


which did not inhibit either stellar camera (actuate capping shutters). 
Both cameras recorded polntetype etellas images. Most port frames recorded 
more than 30 star images, while 10 to 20 or more star images were recorded 
by the starboard camera. 

Corona and dendritic fog pattern affected the last third of the 1109—1 
stellar film and all of the 1109-2 stellar filn. The dendritic marks are 


characteristic of roller flange discharge. The corona marking tended to be 
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more severe on independent operations when the pressure make up system 
was not operative. Marking in some cases was sufficiently severe as to 
require additional time to reduce the stellar data. Experience with the 
DISIC system to date suggests that an effective solution to stellar and 
terrain marking problems will not be accomplished by adjustments to the 
DISIC alone, but will require some increase in the environmental pressure. 

A few instances of irregular metering were noted in the stellar record 
of 1109-2. Adjacent frames were sometimes overlapped a distance of about 
0.3 inch. It was found that this was normal DISIC operation since if power 
shut-off occurs at a particular point in the cycle, a partial stellar film 
transport can occur. The probability of this occurrence is reported to be 
one in 60 turn-offs. No action was required. 

A light leak fog pattern degraded approximately five frames at the end 
of most stellar camera operations. The density of the fog patterns was 
commensurate with the duration of camera inoperative periods. The fog 
pattern was midway between corresponding port and starboard frames and 
appeared to be the result of improper baffles on the terrain lens vent hole. 
Vent hole baffling on remaining units is being checked and modified if 
necessary. 

2. weetean Camera 

A maximum load of about 2200 feet of film was exposed in the terrain 
camera for the first time. The tag end of the 1109-2 segment had a straight 
manufacturer's cut rather than the serrated cut of the SRV water seal, 


indicating complete film runout. 
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The image quality of the terrain camera was the best obtained from 
such a system. For the first time the terrain film received dual gamma 
processing. The small percentage of low solar elevation photography 
precluded an extensive evaluation of the potential advantages expected 
of this processing. In cases where a wide brightness range was present, 
it was evident that the information content was better preserved than with 
previous processing techniques. 

Dendritic edge static was present intermittently throughout the 1109-1 
terrain film. Corona and dendritic fog patterns were present throughout 
the 1109-2 terrain film. The marking was less severe on the terrain film 
than it was on the stellar film because of the lower sensitivity of the 
former. It appears that an increase in the pressure level will be required 
to eliminate this problem in future systems. 

Several minus density spots occurred repeatitively on the terrain formats. 
They are apparently caused by emulsion particles adhering to the reseau plate. 
This minor degradation is a characteristic of the system for which there is 


no corrective action available. 
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SECTION 5 
PANORAMIC EXPOSURE 


A. INTRODUCTION 

Panoramic camera exposure is determined by the scan rate, slit width, filter, 
and scene luminance. Scan rate is adjusted continuously in flight to compensate 
for forward motion. The patterns of adjustment depend on orbit geometry. Primary 
and alternate filters are installed before the flight. Four fixed slit widths 
plus a failsafe slit width are also established in each camera before the flight. 
The four slit widths may be operated by a preflight adjusted automatic sequence 
control, or fixed on command in flight. 

Scene luminance is a complex variable that is affected by time of day and 
weather conditions as well as characteristics of the scene itself. For purposes 
of planning and controlling Corona operations a series of criteria have been — 
developed with basic variables of time of year (month) and the presence or absence 
of snow cover. Each criterion then provides the luminance (or exposure requirement) 
as a function of solar elevation. For purposes of setting slit widths and timing 
the automatic exposure change sequences, the criteria for winter months combine 
snow and no snow data to provide an average pattern of luminance over the regions 
of primary interest. During a mission, separate criteria for snow and no snow 
conditions may then be used on the basis of current weather data to further improve 
the exposure control. This was the procedure used on Mission 1109 which was flown 
during the month of March. 

Depending on the particular operational and photographic requirements of the 
mission, orbits, leunch date and time, and film and filters are sgisoted: From 
these data slit widths and automatic sequencing erent are established to 


provide the most nearly optimum exposure that can be predicted. 
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B. SPECIAL OBJECTIVES 
1. Multiple Altitudes 

Mission 1109 was planned to operate at three different perigee altitudes. 
After about two days at 82 nautical miles, it was planned to boost to 92 nautical 
Miles. After about three additional days, it was then planned to boost to 100 
nautical miles for the remainder of the mission. Since the progressively higher 
altitudes cause smaller V/h values, smaller exposure slits are required to provide 
the same exposure at the higher altitudes. It was planned that automatic slit 
sequences would be effective throughout the mission for low solar elevation 
conditions but would be designed primarily for use after the fifth day of the 
mission. 

The purpose of the multiple altitude orbit plan was to provide maximum 
image quality in coverage of a few targets at the beginning of the mission while 
achieving maximum area coverage for the total mission. It was hoped that the 
range of image scales with the same cameras would provide insight to the relative 
merits of maximizing ground detail versus maximizing area coverage. As mentioned 
in Section 4, the variable bangs quelity precluded significant conclusions. 


2. Resolution Effects of Filters. 





Since this was the first system to be flown with third generation lenses 
in both cameras, an opportunity was present for evaluating the effects on resolution 
from using filters of varying wavelength cutoff characteristics. The third generation . 
lenses were designed for use with Wratten 25 filters which transmit no light below 
580-nm wavelength. Shorter wavelengths cause sone degradation with this lens. 
However, filters with lower wavelength cutoffs are desirable because they allow 


shorter exposure times with correspondingly less image smear. The primary filters 
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were Wratten numbers 25 and 23A for the forward and aft looking cameras respectively. 
Alternate filters were numbers 23A and 25 respectively. The Wratten 23A transmits 
no light below 560 nm It was hoped that by using the alternate filters, com- 
parisons of quelity could be made without the obscuring effects of illumination 
differences and inherent individual camera characteristics. Unfortunately, the 
variability of image quality precluded any significant conclusion on the filter 
effects. | 

In order to provide proper exposure for the alternate filter combination 
and still have effective automatic control in the primary mode, some innovations 
were required in the use of the exposure control system. The forward camera slit 
four, normally the widest and first used on descending passes in automatic mode, 
was the narrowest on this camera to provide the reduced exposure needed with 
the alternate (W-23A) filter. This forward camera -slit wes designed to be used 
with the failsafe slit on the aft camera when that camera would use the alternate 
(W-25) filter. Location of SPC-51 was adjusted to permit time-out of the slit four 
position before possible aperatious when the primary filters would be used in 
automatic mode. 

Another exposure control innovation was the use of SPC-17 to stop the 
automatic exposure sequence before reaching slit one, the narrowest and last used 
on descending passes in automatic mode. This arrangement would allow proper 
exposure with primary filters in automatic sede at the 92 nautical mile altitude 
‘and during the first days at 100 miles. 

C. OPERATIONAL EXPOSURE 
Because of a booster "cold turn" a nominal orbit was not achieved. It was 


necessary to use two DMU rockets (on revs 3 and 4). to achieve a satisfactory period 
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and perigee height. This resulted in a mean operational altitude of about 

93 nautical miles being used until rev 88 when the vehicle was boosted to about 
100 nautical miles for the remainder of the mission. In effect, the conditions 
that had been anticipated for days three, four, and five actually existed for 

days one through five. The actual flight primary filter exposure profiles for the 
fora and aft cameras at the 93 mile perigee are illustrated by Figures 5-1 and 
5-2 respectively. The upper solid line represents the exposure time requirement 
for average scenes combining both snow cover data and no snow data. The saddle 

in the curve represents the transition from snow to no snow as solar elevation 
increases. The lower solid line represents the exposure time requirement for no 
snow conditions. The solid lines intersect at about 30 degrees north latitude, 
where snow has never been encountered in program records. Figures 5-3 through 5-6 
illustrate the exposure profiles for the remainder of the mission. Superimposed 

on Figures 5-1, 5-3, and 5-5 are histograms of frequency of photographic operations 
for revs 1-80, 81-160, 161-300 respectively. While plotted on forward camera 
exposure profiles, the data include both cameras. It is apparent that except for 
the change in altitude at rev 88, the exposure profiles were very stable throughout 
the mission. 

On a daily basis, rev by rev reports of the four-inch snow cover boundary 
were available throughout the mission. It was found that the best exposure match 
was usually obtained with fixed slits rather than the automatic mode. Also, when 
the alternate filters were used, only fixed slit/failsafe combinations could be used. 
On only two revs throughout the entire mission was the automatic slit sequence 


programming actually used. 


i 
4 
+ 
| 
' 


' 
i 
I 


oe ee 
= C SIANDCE VIA 
y ELQNTROL SYSTEM many 


Page 52 of 74 





C 


a Ne tus 


o 


Aas eee 


%.) 
os & 


ission 1109, Peyload CR-10 


i 


FILE, 


RO 


oa 


—3 = 
ee 


» EXFCSUR 


FISURE 5-1 


Pess 741 


4 


Fwd - Looxing Camera #321 
Launched .2215Z, 4 March 1970 


© 
uN 


yor : in on ao Popvetg gett ets poo wet ’ 
a fe oe a Ws) er ae Petty ae ha he ee te 
pint Per ap ee ey toa Pee iy ee i ee ree Le ' i 
Paar | 4 e ! --| ¢ Ce ee OC Oe ce ee a wea ’ ‘ : 
1} 1: { i: om an 
tise.p by t,: oo Sy tae dee er age eee i rt ' 
ee Ce ee oe en Se ers 4. 
t et . ‘ st ' ' = . er t- 2 te eo ay cw a . spells 
Baek an ee a ! a, te iv: ! | hee trae i i } +t i of ide 
t eo? i? . ‘ . i none ' 7 ‘op H poboie. i {-: tare eae eee ’ aed. 
i *_{ 1 fester REP are Se | 4 7 4 Pa ooh * -? Se prs ae gee ihe 
‘ot eo. ‘ “8 . . 1 . ? t H 
ap 7 ee eee pa I ag ie Ae ne : 
1 4 
roa ' bos ; t I, bbe | i os . i a teas , : ' fi , 
. rae porto bee ae t ob. 7 whe ee paket eter , a fife 
tan. Boat ve {4 oar ver-d bea rn ; eae ‘ i ¢ Y . rene i 
‘ ‘ ; Gg. 4 wo t ; , Pog E i 
ne hors : ? re ce eS EL Dees 4 ; ee 
: : : a Bee H a4 4 Ws , 
i : eee t, WS : 
“"¢ : 7 : beet, t 


ne 


oe ee ee ee 
Se ee 


ee ee, FE ee Ee eee - 


Oo 
-t 


a ee . 
See ee, = ee ee ep | C-- 


Otz*o= $/4 


O81L°O-: 
7tz"o 
L92°O 
S7L°O 


mynos seer7aq 
of 


—— oy 


eee ee mC 
. + 


2 ee se ee - 
ar ri f 





Oc 


eee we E i ae eee ee eee sees 


€ 


OT 


ew eee tee Oe 


: . 
ee wee ee ee 


te ete me bee eh 
i ‘ 
- 7 
we se samtenles Se ce ee wake eee 6; 


pe ee ee ——— ee 
D : . cos 





T 
ro 


ui 


eee ee ewe - 
+ . 


aes ates on ewan me see 
SOS, vy ‘ . 


*SU3PTM YFTS 


SCALL6Lvt 


oO 


OT 


--? 
—t ae : 


. ast 
ee ay 


- ee eet 
Se iges vg 
5 i a eee tee 
é 


va dew s 


. ’ 

oe ee ee ee tre rg te 
. r ; 
meee = ey = 


: ‘ : > . 
2 ee eh ey 
Py 
‘ 


of 





i og ah ee : 
ee Aiud | 
can ity li | ‘f 
Se ee Ry pled at rf 
Cea te ana aay Alanine gee | 
RACUECRERSCRSTOOEECCORCARINELAUAMTERCED, 
‘4 ae Peleg faces fed Pat ides ae aon ae 
yy ae. tia ti J- weiegep bebe \-j ye opt pe . 
oy re ee wee he en ie <i ree, Cee ee ~ Ting abe -t- t 
cis Pry et fe “ba ped Hany f ‘ eee | on ret | se 
boy | b> “foley! fee oepoh pte pb: rr +p 
ewe pel aed a FUE ee abe gag ce tee thee bape A obo 
ee ye wage tipi Sep pe VP fey ae bree io 
(ples ge gl ee” Pag wepob oe” Acksiek Fd Peep aL” 4 
bay es ee eee eee Pa ygb cde Php ey Oe Rae, 
Mo meas Pie a rere ee et eh Piao 
Py ' Care| 14 I : cfege We, es, le a Pee ie eee 
; ae | ry ae Ts a yep rk: (fa: g/m. wel OP a 
ee ' ea ae 1y qt oe Pptise ya J . ear ae ‘ wt . : 
mae ye ee ee i ae Ae pl eae ee 
is eee ece Se ON aie 9 ipieer eoee mee 
2 plepge te 1. tm te hy ae fed [-t.T-Fry : per 
ee oot Sa an Se ee ae. yy 
BEE 1 ee ee aan, Lemerce ae pe page Sol! 
toh 4 ‘ ee oe ae ie aed he i eae, abe es i 
CE DR ee pe EE Be OP BE Obst ite, bg | 
. v4 : Pot (tie at oe ec bl aor ta 
Gees BETUACECEGPER ER RERRSDER ASE ae 
. a ed ‘ moe tort, ae a3 : Seer ie 
ae ft eg eee in aa 
Peesyaea ids ee A a ny ae Se ey aac G 
eas oP ee ee ee ae 
ea ‘ decode a or Moe : ! mt ddd Ge 4e ges tS 
ay pee ae ee Ee Rar PR ALi SORE ane Cre eae 
eu ee ee dae RSE 7 We ee a eae ee 
See uae es Pisionih ook ean ok Lena ei et DE aese Sees eis 


tis he Sa a and ape eo eae oe a ce ea ae 
: t 


Liss eee . ‘ 
er ee ee 
’ ae zi 





VEC-M 


So~M 


SPUTLOYTY = 


Axoiyprg = 819TH 


$o7€ OOf, Wye ee 


URION soorBaq 
{On OS 


ek ow 


: PREP EEEL 
Hite bee: 
“EEE DE EREE REE 
{ ! ' ; ; eh y 
OED EE 
aL ELEREEL ED 
(PLE TERED BBE 
ar |e ail. : 

oe Se Pe «Ld, 
1 | PRT Papen bbs 
. to; :gegads i rs 
oe oe ee qh Wey 
: ' , ei latyee aj). ° 
ee 
TePesiple ts ee | 
|. om es |) eae eee 
Ppiia ditep fa 
Ud babeed dyed 
. sade pied | eee yi + | 
*, H y | {--¢ <4 tr ore : 
mere nfs shoe's bea, retes fre “T° 
Aoguce Foe Ae a 
sonal. 4 ; i it | iM 
ae Pe en a 
er eel enema = Ie _ 4 
1 a} ins f.. a’ oo 
arty : ny o oti 
: er | 
Pa : an Ps 7 
ee ; ' 
t © " | ee £ ‘ ’ 
ty Dt cea, 


oe rd 


D 
= amuewes +e 


—- wt wee 


er 


‘ 
' 
’ t 
ty 
* 4 
if .- 
1 , 
Le 
; . 
dans. 
: 
Toe 
nb tote 
t , ad 
yo 
Lee 


noiqed. smc 'empewe ee a 


cA: 
a? Coes 


N 
i] 


ta eee 


~s 2 A 


. 
w | 





ee eee ee ee te 
. « ’ 





2 see 
ae 


t 


ha ire: Dees 
artis 


er 
. t 





' ce 

3 i ? | ‘f 

7 pee ioe eee ee ms 
ein elt ; a 
a pet fy OY 
ie 
a ae 
wy ie “ 09 
hae Pa I 

io a 4 
eee a aa 
eee 
Meir 


‘ 
yr Steere —- 
Se 7 


eg ener 
3 


a ee eee ee 


+ ee et ne ee oe ae mw —eoe we 


a 


+ 
—- 


ape 8 a ees nc sn ere cn ares im: 


8 
cy 
(,.sPu00ss) gAIL SunsodKa * 


ee 


- 


. j : 
Me F ’ 
Cn a 6 
aed {op 
f #4 ; 
' ree: ¢ t 
, 4 | | 
Z - t . + 
et, Gea Say) Gaheam ey tre 
: ie “| : ‘ { t 
. ‘ peg F $- { | 
a & ge ; 
ee bat ee go OO9 
a4 on re | 
Se ere ee ae: 
wt: al aie ace fad 
Sh dy ootea ! 
J . era ie ’ 
ce ae 4008. 
qh tree Ae ve 
com tems pe ye ® ' 
STEP ET IN | QOOT 
Bid, Sar Bucticelenigh atk 





HANDEE VIA 


CONTROL Syotes ee 












































































































j * 
. 
. « 
FIGURE 5-2 EXFOSURE PROFILE sion 1109, Psyload CR-10 
= «+ -= be 4 AF cet 
Ic = aS  rnver fy mission ys03 - 
—— 
Aft Leoking Camera #320 Ps 1 
= Ox10Dg mera 7. ’ “S$ 
. 
Launched 22152, 4 March 1970 
Ome ne ee cae Caer IS eee we ee em oe we ee 
' rn ges coe > 
= "see 8 -- te + G~= Se ere - 2 sere see tme perio i ee _ 
. ott : 
dae ew wee 7. - a= of en - ae Sieben es wae ee eee eee 
ne ee fede fee crete cer eee cree ot 
ie . 2 , . 
: . at ewe wg emg es ae Ceeincenecess's wee ee Ses cee “ome ss 
-- twee = Ep cone ce ee ey 
. oe . . ' ¢ 
a: cele, =: _-#* . Paciiad jee ne ee ee = 
: . : § 
aigio atl fence a was 4 ae Se cri sa Sascae re a errr g 
s eae Ore a ae se a 
dies. Sen ek ie ee wi ee lie pie tee ee eee re) 
ne . . ‘ . . . 5 . wo 
on = =e . -- aire =m tt See ee oe eee oe - - emma eee te — ame 
a . . 
a _ Sack + - —— ot or _——- —_ Pe age et = ee oe re ee _— sw + a eee ee | o 
: ; ; - : CO @ 
7 - -@ we _ m=. — esta ae ce, -_- —_—: eee oe oe ~ “on —_— + 
, ' . aoe ae . . 1 Y 
e 1 ‘ of Bes . 3 7 
a eee =~ Paes 7. —e 6) one : vote ee wn eae eee te ge = z oe ee eee 
a . 2 7 “4 . . , . 
we ee ee ee et Fe wee fee Cease mes | Shae ee ae me —.3 
: : ' = , : : om F : : 3) 
ry . ee ee ae tir -_-—s + ae eet ee tees 7 e —- ee a Pt - — ie - a* _—— 
ek ae ai me) tt © x © 3 
=. = = - mew - —m we --* ee ee ee oe a me ee wre oe a. ae = 
3 : : ; : gt sa ce reer : rat or uN 
ee ee ee ee a, a —s—- oe =, <=. = -_— + _—= ee See ee ee N AN - T° ed 
ry ; ay oa sha 2 oe . : . . . . . 
a2 6 ‘ Re: 4h, teen ie ee a eS Lt sean is ane cad weap Ga Temisba rte TM erary iy (hte meee? Ca | cee bad ® ¢ * bd 
. : * i ja : . : : vA 5 ‘ Shes . — - 
Sieg AIO, eagle ans eel cee! oe em Je etal ae ae eee ean hc ne eee aed ate ooo0o°o 
: Paar t 
' ' an - ee ee Tie 2 1 é - ! oe ae A ' i | 
ah Jewioa sett 6 se ae cee Pte @------: ere ee em ae we eee ee te ee ned 
an a ca , ‘ > : . 
ngs eth cee oe 6 Gea a,, | ee ™~ OH “ites qe seco ee ere moe ee ele eames a ead © | 
3 Se een ee eo ee ae ee) 
F bee neme « , . « —— em me ee, ee cee age 8 nee wer cee er tes 
atte : one as hi: . : . ‘ 7 te 
ee A ae - ee ee ee ee eee Ce ee ke <—weeee -; Aer - a_i rom) rt fre 
, i. _7 . . . : r r” oe i me = a 
° e- - a ee ——. 2 mmm ew te ee ee eee . — 
: . t 
? . : + * 2 7 
es miata 3 $e a tae ache red ae oom ees -  - = 
: : eae ; = oe 
one Se ie 1 ote meee * eer le ey ee se eee ate = eh 8 mee 
: i : vt anes 4 l : . : @ 
$0 (aiemwgt Pe Eo Sa eaNe yc ome pn ee ee a Te ee we tees ee ee a 
- a t . 5 at 4 é : eh ote . : 
re (on Sn ns ae Pan Seen ee 7 ws Weie Soren g sees ae wx) 
. : 2 * aps ¥ ak) tee oo 3 et ay .s 6 tee eae 4 
fee ee vee Ee we Fe ek ne ee Smee we errr er ee = emer Li = | 
. _ a e . _o8 ary 1: ’ * 7 a ; : . ry 
fare ee aie oe. a ee ee ee ee ee eee Le eas Pa dw we ee wees art 
Res ae ie ° =z 
emer ea) ma oe ar ee Sm mene See 8 et ee eee et ey eee - . ite ee eed 
J ‘, %, 1 = t . eo . - .e : . rt 
t 7 eed ‘ - +4 ae » 
: , : , 7 . ‘ . ; 2a 
ena ated > glial, foes eaten ass de eeeng Se Seat eo Se err ee eee et ort 
. * . aed, 
| ee I a iia meee te ia} el 
' : : : : . 
t a . % . . 
Paes we : -_ eae aaron re ean teas oe re me = ee ee er wa 
ae cy Ce . i rat : : : a cee as 7 Oo 
we oe te em ee ene ee pee ee ort ete Sede pene eet one Pein Ste im Ee Spee ein dnt a Sep et a “ 
' . eee Nae a é : ' rn es rat} 
i te et oe oo wae me ee ee ee: a eo eT 
: ; : aif Fi : : ee bee rete if * 
ehaaee fe me sae ae ee ete at ee ce a mcg o i [= tie 4 
* ae : é eri. . . : ‘ ey . 
-— wee el te a ee She gee my we es a ee 
wt eee fe De me me eget tee 6 me eee wee Fn Sle Thdiend Mihai 
. z ' . . wir iy Pg ° . ‘ak 
DB, BS Re ee ee ie eae gaa Seeger ° 
. 1 0, Par ees » ‘ tt 
ee ee Qeemmnten es eee ee eee me ewere + + 
. id : . . 
. i [oe tee ee -~ ae ee eS 
1 eae : 
a eenrapwien, | 2 epee cs wo a erme ee eee per gee ome oot 
, . : ! pos oe ‘ ee 
a a wee wee. eet Crees 6 wemmecemegme ene Tee «<< 
ae aye 2 q 7 : Croce 1 aa ae . ae - . r 7 oO 
= ogo = a ee rece ee ee me te tae wr Ta} 
, Cae . : ceeeer . . . 3 et, tee a ; ~ 2 So ™ AN 
—— eee Fe - wee =o ees wee of eee owe _- - toes: a ee ee ee a ry =) 
; oF . . ata 1 6 t 
see ee ree ee ee ee ee te ee ee ord tern gd Padestiied Peer | = 4 
" ae en 14 raates - ote ie a ae 
Rae : 5 NEE Beg i soe mie a 
; mS Tg : . i ae ‘ Bayt i Py} 
a ra Ere a ee ee eee ee 
: . out rs : : *. z 
. -m e en hee -- * _- Se aameen he te ee ne mw em ee a et oO 2 
~~ ew =e ok ee ee ee ee ee Te? nm 
5 . 2 * = 
eae ar it F -d 
= an ee Oe . =e =s ee: Boban: ae -—-* 
* s “4 va . 
a . + ae uid a ages as t— 
: . aa 
: rs 
q:. ela tse ee - “ 
“ \O ry 3 
Seadiesielil: wating wah sac ce 
A heme oe ng 
sae : : 
Se fad t 
7 oe yoo 
smeey | 8 on arm cownd 
ot a ak ee : re 
: si 
awe ST tee fa 8 
ee wee eee - 
PBs ~~ 
H . 
Spe wom tees 
bea Bh eas 
- — 
“. bs * . - 7 4 
Poret cet ee ce = a ea : : ee ‘a ] 
J . ; 7 i t ; 4 a : . “ 4 i: 1 ty 
owe tee = eme . -y7 prdaen Bees eee Se ee . i 
. =. : : . . . - 
/ ' i so 
poe eee et et eee ee es }. +m eomee oe eee sods ene mae + Foe . — ° 
Sy. -e ae z F 6 1 e | ec: . ot ’ 
t - weet ee wae - - als we oh ae Ot ee ee gee ee - bad 
1 Fe, i : oe el Gr soe pe te ee. 
‘ ne See hee er -: # Ps Se ee « 
te is . . eioi. e . : . 
aoe ore pee a a a en Se a 
. ' e . ry ieee 
- - ee: 7 = ae a = 
: * ' ‘ . orto oe 4 : 
. s- ne ee eee ee eee ee See et ee ee ee me ee ee oe 


cq). 


3.3 § 


(7. spuosss) SHIL PUNSOX” 


3 
- 


te 


























Page 53 of 74 




















HANDLE VIA 


CONTROL SYSTEM ONLY 


rs 


2 


i] 


tgs Le 


FIGURE 5-3 , EXFOSURE PROFILE, Mission 1109, 


Fwd - Looking Camera #321 


» Fass 7121 


Leunched 2215Z, 4 March 1970 


50 


.-——wm a + emerson, oe wae ae a ere ae neem ee me te tem semen * 
. to . . . 
ae poe 5 a ose a a iene ere Cane 
Boone . : ' 
Wass to i a Ta ae at: ww et ee ee oe eet - eee Veins cee! 
. . . nd 
: . 
ee Pr . ses “3 a. cc: ‘em e- —- ee * eink bas pew te — 
x. 2 =e 5 = wie eos eee eee el os haat * so apr gam fo oe coi 
rc ~ wie cane ee, Gane pis a om oe nn ee ee ee ee a9 
: ‘ ood 
eee eaves ‘ah % Dibimeaas es ws tae: eee -— Se = = a 
' ; i 7 
te —_ . a? ate me ee a tls i ~ - - 
* 1 ° : ' ‘ ‘ 
t . mee . rece batr tos a eg ecee Sig see oe a eh - o-* 
: : 1 
——_ ‘wae eee ee Fem ae me 8 te ee ee we ee =p _ 
) : H eae i + Co | 
ro +e ae -fRe- — ae Ree ee ee ee ema om —o - ed 
: ~ - 75 - _- 
Sete =e “—_ owe Le ee ee ee ee 7a —— _ fan po, tae “ wy 
ra moa, : ’ 
sae - —— = gam tite fb ee eee 
. .. . t 
ee 
pes , q ; -4. 
yo ees -. ee co er or her n ae . - — he - 
. en oo . : © 
-- ee Pe —- e+ ee ae ee i —— om 
Re carne ee cman a) (Comes: ehery gene peieees Rca cnt ne Rene er en eR wiscny OM 
¢ ‘ sa . | 
= < wt - ee oe fo = —*- Ses ——- om. ~~ ~ - —_ —— <—- 
. : ' i t 
. a fae mw eee Lae ed se Tate ce ee te - a4 —_! _———e 
t Mite . ve 
H I veil F 
beet? al Bo me ee com Poe 6 foe WW * ee ree ea ee = on ‘awe -0) 
‘ . ai : . : oO 
ee ern = o- hte ee fm ey ee cet ey es eo ee ~ —_—— es 
oF gies oa r 4 
I - -—-+ + <—~ cabs - na esos a oe -~—t —— a wwii eee . 
eee! ine’ be - ou. = ee eee 2 ee ee ooo, o —ee mene 
. . + Suu ante ‘ 8 7 
as = o.* wee — el comes ee ee ee eer 2 ee a ere -—— te 9 a al 
am J . t 
| Solace - 2 a oe re = .$- : ~ B wee eee Sa wee -_ -—— =< “4 
ee "7 nents es eye cot Ne te ee ee ee emanate aenceeenel — -~ -_ ene 
: ae - 
betes ae +-- oes tee ree 8k mm we ee ee 4 ~te ~ = 
: : cog ie ; 
e. cs ~- J ~ ome be 7 uw). - _oes ee — + page “te ose 
i lane ; é -: wy: ' ‘ 
-m - - Speers sad te Te ae a= ww hee earin indict caanee Td - -—— —eq tee oe 
“ap, fea . . i 
ae ‘ Pe ee eee ere eer er 725 aemane ow wwe s” = - —_——_ = moe 
t ' . a” é . . « oO 
- —_—— —* wee =e - - ‘te —— - sj ee re Rey ee - io -. 4 
, Hy 1, f 4 
On + - _— Footed Se em tee ee ee ee ete ee we tw we dee ee 
. 1 shay 


-” a — lh 


oe 


me a 


eae : 
een ee te oe 1 cetegene sams —+: 
4 : 
















; os 
wwe aene-. & . me: 
= es ere te. os 
7 — = oe fa ry _ eee ee oe oe ee oe —<—— - ==: 
-_- eo —- -- ~~ — a f- = as | Bens Games wren eres on apes -——, 
: * ' et . 
tee Pee jemeime = = Saves meee > 
tgs + : 
+ the ae = - ee en ee ee 
. 3 , 
i ‘ ‘ 


te 8 ee eee oe eee 
- a . 

ey te ee 
wy ese » 

rr ee eee re 


ee eet eee ome oo oe 


t 








‘ ee =e 
so ———— ie Ss 
aye aes CE EE 
a =r Soca 
* o _ - —— ee ~* - -~ 
= = ee — 2 
oO 
C atiieed — oy 
Ww 














Page 54 of 74 


zylcad CR-10 


Degrees South 


Slit Widths: 





Degrees North 
Filters = Primary W.25 
- Alternate W-23A 


Film Type 


otniie * 
? sone 8 a. ww - ~ + <-— = 
we ‘ a eee aoe ee = = = 
are = oN _ : 
= ae we bam ds Year So cnn on ee ee eee 
33 :, . ane ® a - 
ee ee =_ .*. be - am awe weewmemt ee ereemens - ” moo. 
ae eo : ae ‘ : 8 
fy -* yorm . ve : v=. ed —rs === . Tet a es EE 
bet : ee -: . isa fae ee eees a en Cec, fe a ae er Ss 
‘ ‘ : ig : “ 9. \s : . wee ee 
a wos me mei ame wee = ep ee se be te be eee eee 
wee . . " P : : Ps ‘or, 
aime, sea a8 = , - ee a a ee Sa we ee ro} 
’ oe ¥ . . « , © | —— 
Kannan ne ~ ee eee wt 60 ae owas ee Jol ate ce cigs abghillcoey* ei eee we ee oe 
i] : : 7 - . . J . a | ‘eed 
‘ ieee ! ede oul ? coe yew ate ee eee i Pr ae et s 
I. gC ° 2 : E. kK . ce ‘ 
t : - a eee oa | vee a3 cael ange omen fe > apt Seta a dealten | adie | 
ps Se accYemarse cranial auirid Bil dior aT ae, =. an eheddgtehes «ene ay 
ce Seance ar ea tare es aoe Nee ; ft a ee oe ke eee 
> oe ria ae ae ee yay cons tek tera eMac 4(raearak aed oer: Sengems fr _—! 
r- a ais? ame al wedges gue coe ange alee sa ete 6 tae te 0 © ote eee ote Ss oe a o ~ Fe we eee 
yee 4 ‘ ae ie a ee .he tht)? eee er a “8 
| —_. “~ e ———+ -f;-- =- a ee eae panne aigeceban ates age So mi fee we otee a rer 
? 7 a ‘ers sof oe a, oy wae? > : ‘ t . Pe oy eed ae ’ 
Mee fers tae «Nae 7 . . ee eee Pe ee ee oe ee ere ay 
eet a 1 oa | vf rte ps rs ae ie 
e _— em staeee we. et me ee ee ee ee ee ere — > mm fc a ere | 
: 4 . oS : : re a * 
aoe hens eee, te ae Sb) aay : Ce a eee ee * ee os < —--—_— 8 
~, iis sees, ain an es a i ae powers eae inamenen ini. Sekt nme te ai hcemeiies aos 


PANDLE vi! 
CONTROL SYSTEM ONL 





Page 


Mission 1109, Psylosd CR-10 


FIGURE 5-4 , EXPCSURE PROFILE, 
Aft - Looking Cacera 2320 , Pass 21 


Launched 2215Z, 4 March 1970 




















































ee | ee ee ee ee — = Se a= SY 4 


——— ee 









‘ 7 _ 4 . : a 
nr a2 oo whe me cst quate ee ee ee? panos | —— 
< . . tA 2 7 > wee "4 
ts wee a we ee ey ee rr en Ome ae oo wie ome 
: 2 ae 
' eee ee - OE Blamed o— wai a 
i : i : . ae : 
‘2 ee -_ * -_ _ o_o es — a ee ee oe - - . 
es oar] i 1 1 ' 
se som -er = a a oe Se es ee -s + 
. . ape * : ‘ ‘ 7 ’ 
de as . ee co a4 - naaer dad —* ns - cs iii ame ee i ee ee eee wee 
os . ib a . on “4 e - 
+. a ee sere -e ge - ee ee ate ee come em _oo -: a . ——_— = Pe ee - 
' ‘ a | = ?- ae . , . #3 on + 
Vo ayes eee ee . - . Sete re ee eames eee we ee eed a ee es es een 
TW iy foie : bane y BP 1 : reise ; . 
medaka ee — i Sosa mae pas ees oasis eo ee ee re pee ere 
‘ ae « . 3 : © 


~ eins a eae ~—_— a tee oe eee se eee few te wae oe yee el ee - 
rl. “4 : » ot . : . * 








3 
Degrees South 








oe Shee ote ee ae Pee ae ae eee yon meee: ee ees ‘ane 
& . . 2 
Oe ee oe poe ae ae ee ee 2 eee dees lee. <3 
eee se ee ees SALT gies ome eer eae sais emer tora 20 cw Sen aes 2 vlee wim arn 4 
= -4 fa wee Qin ee J sli es te ee ei eee de ee oe i a 
Do aes ee ge ee eee ee, ti) ee 
-pa--- ie Bae bee nn em, ee er See 
pabinanenteer pear iain is Aart oie ete Dae Teese: Se bate a a 
. : “Paee i : . . a . 
a =e oy en eee ee Soe Sa SS ore aes Ss aif... = 





+ Saas a. . ’ t 
' . a , 








==: a ee ee te a ee ed wen -¢ 
: . * . 
i 1 4 . 7 a 4 7 ‘ ‘© 
—_—-— ow re rs ee en tre a sme Mite ae ye ee Ste tee 
: a : | 


a Pee on. tage enters oe teme 





eee em ee, ee ee 














5 t ’ ' » Fw , . .* i - + 
et ve ee oa oe eh ee 27.99 - twee ere a om . 
. bas —. . 
: We te 4 i ‘ . 5 acne ee 
enn eter a matt te ee: na eee nee - soe Lene gan ee eet 
: : ; afiay . oe as . 7 aut , ee 
——ee ee Rae a: ee we ee eee = cette tae Cat ietentieath tend 
are . . - “wed ‘ 
. eg * , . ta 
fet ee ee ge eee onde ee ee a ——— eal 
: . it -.. . : . -O 
ee ee ee ee eee ee ee | +. 
ma oe ae - i : 
" H 2 : ‘ 
ae oe | a ene a. . er es ormass 
4 rae 
ns - $a t solos ‘ roeretse  @ 
mn pe we ley a: poems OO emi tp we ee ee oe 
: roe 1 7 : is ‘ gic ee a4 
Dk ewe ee tem eee ee mn ee ee me ee ee ee ee 
: . : ye ‘ . - : : da . Oo 
cee ee oe erat a cine eee eee ernmmermrmnrene same nee owe me eee ee ee 
: a . . De . fo | 
* : P 
A — sane —— . tt <tr ge ee meee ee foe om «+ 









° . 

SS Segoe ee + - or 

. : 

aeteaed ane: i fede be meet : 

— —— ‘Pebee gre (seen sf we 

my cee en ee ae rey omen a 
‘ 2 * 








eae a her =e 
* : 





- ea, one z ae cn ee | ‘ . 
dey js ae ae eS er eat “0 ee 
. 7 
“do. ay : ee 
ie ert el ee ee - 
a . + is 
— oe eee oe omens ee ae ater meme =t —-- 


+ a aes : 4 
. pe ee = 
ee lee the lated ee ee ee 

é ‘ : . t 
: » : 
ce ee pe one ee ee oe es 





7.4% 





oui wee 


* 1 
rf 
Ses ee = me ee a— + 
+ - ’ 
— J we ee te eee 
¢ 
> 4 . 
ieee aks RE eee pee 
‘ 4. ‘ 
cone eae Se 2 i 
* , ‘ 
alk sos + 41 


. t : 
2 ene eS eg ee ee 


af ches ke ee 
See ees ae ees a ca ee 
me gt ee oe ae ea ee ee ees 
s . . . - 
Ae , Z . 
tees ee Sate we eee ee ree: 
: , 
Jt. ft vue i vo : ‘ 
ae . of ee eee em eee ry 
a tes yore be oa : 
’ 1 oe eed + Seng 19 ae mng em same  ee 
a ‘ie ad > » . f 2 ad 


ge mp mee ee ae een et ween ee be 
' 4 . e 





7 . rs 
: H Fi : 
ee ee ak ce eee ee = oe er tes ey 
. . . 
' 





‘ : . r +o 


' 
? side eee est tee sat, “jal wad beat — 





- 2 ul aeee- —+ 








’ tet oe or 
wd tl nie tage cee eee 
| Lah See 
lant a on 


¥ 
J nntee — 


AG et ‘ : tee 
@ - =) 4 dew taesec reel pon: 
oe . . 

met wes + Vecdte: Beas Ody Siena a 
e. ‘ Sasi J ot 
Rm aie lees cae ee Seems ow ee 





55 of 74 


tm 0 OQ ~7t 
Reese 
ee ee 
aeuveews 
a, 
ped ; 
3 
s : 
7 
<< 
x= 
Vi 
& $3 
. a 
Boe 
a a 
. Fe fq 


HANDLE v1 
CONTROL SYSTEM OND 


OlZ°O= s/4 VEZ"-M 92 bUIERTY « 
O8L'O- = T 
7LZ°O Fe Se-m Atemyag ~ SIRT 
3 
4 


L9¢°0 
S7L"O 


2 
Q 
= 
ul 
E 
q Vt 
Sz 
Wa 
pa 
Ba 
Q 


*SQ2PTM FFTS 7 SGA, WT eet ee 


Page 56 of 74 



























fo) STNLLLVI 
fe ugnog s9e.7120q 
4 
oO 0S On of Oc OT 8) OT 0¢ 39 
CORY Sgt ee rey Pas eas ta iy wea A 
ws ae y st { ae Sead 4 ri i ar an aeget Ane pup. gd. : ree ale 
a Lg SE ee ep et bs ee a | Mei gay TE ap, i ; ; daqee] 
© b? pede be thie: : ue een (eee ae el Aaa oe Te ‘Te gi F : bees 8 * 
et be Schon ete eae, Bhp es eee A be epeeea hare i paren acer any ba fa S : “pear 
e Paebite: Habii perp eye beseh EU b rie ae 
zi ee ee os pe tig al . ae ee 
o. bs a) castes cp nee Oph hae ee i ee rele, sar Re ge ss Pa Me | : 
° a hn een dg Od eg eee foto leg 
od Soe sre ae ee Pee ee ac aes 
ws soon A Fe eae de Ta Bee OE Beta Sy, Bs re i Dy Ae at Se 
a sa eh gal tae poe eern 1 ate Bg ee ge ye eee eee! WF oat er OT a — 
we P ‘ 1 {i eer al jet oo Bi ace a be Hone bra oe eat Phot pate | tg 
” 1} eA | Payer iy ae! tft ipa ge ph fey 
u wo t: *¢ 1 4 ! |. | i! a { | . [rt ie | yt ere es if { ; - | de | ie tt ' | F : 14k : 4 5 
ee) 1} Te fs Oe eae oe adel Oe ee elie taal gale leh ntti PUP WEE GD ta’ i i ae es | H 
Ps Pitas ererst Pe piehace b-peberg ta | LS oe ta aad | Sy 4 ao 7 
Yo geapele | ed: Pte Wee Aah peat gig di Uh tr ee ete te bar Ae a Ae teeth er ee Ps] 
' 2 ee eae yr ee ee oe ee a : rye Ra te ba os ee 
a * i! 1) rl ' : et f | mi | | | i he b. } i | i-| a +4 } 1 yl ae Se ‘ ; ‘yt | t ' 4 4 an ‘ : ian cane | ) 
| R eS | ie be bib heat et ee ee tact TRE EE pe pede ace be eee: aI i 
= - Be |: rgbads ! ee eae ee beprerlate Ptpdebae 4 bd | 4:3 ei: | if: ls 8 Ld; J {| ae a ae 2 nd 
me Sos Pepe ee |- Ta a ag ce ES Eh a by, TTP Recep s Peat 00¢ & 
2. - oN ilvebaee Meee | ek eees dal do repo padePer pod Bel pp Pht y AUPE ops af pd fF. ~ 
gw 8 1]: aay ; | [pts | ye eee er ae rhe Deena te Somes | be ete eS Anal: Seer eys | ie) 
ow Barras PGs Wel ee g cor Peck gia omnes Me Oat ear ei BO eee as A ace pi} ate ee Ty 2 
fe i a Py, es Pp ated Bo Rh eg | Beta Reta int i. ep bea P : a i hs She wee a 
4 a ee ee ee ae i pope ied ea aia cistek Geo es ' : Vo bee 21 QO€ 9 
gp th r! ee § a ~ laps fl iy Pera ela! Side, Clot ot ne ie i heh ‘cece oot ae te 
g og ov Presa revi rid ji vy fay ey PS gee a 
© nw J: pees Coe ~ ae | s fieice: 4 an rer people +: t ; 
tS or 8 ee ore ee eo  OoW i" 
| st un re a vials ae Foteg fede fl fae bye fe penn | 7 + Na 
1 OS Piles ged ies A es a oa a ie Se eis ee 
®, gt ep ap ee t Tee oo ee " ee Gc eer pare ae rian | ‘rd, 
Wak Wt PURER BERRA BERSRC EGR UNE Roast oes o* “al 
fet rot ek - Swi g weeds pres frase rca oP ees Nm g socmertn yo ‘ an oe lod 
ey We ee ee BUCSRAARCROSSOCOER Ee ee 
WN aj , a Poe eee le oka b et ds Sear ara ie Bee ‘1 OOO 
ne | ps rt‘? Li F : “ wee ce ‘nt pa tet ae cele se woes oe ' +f} ee = r ”y 
Oo oP rp ees A bed Tae Seas Pan et Lose’ st, Sd 
a4 bod eae s Ge he ee ee se thi bs Cee 
fs e | ee Pa ae eae ae ee say aed Se na 
te ee i ea rae 
ty a ae | Be. Be eens ~ Maer ieeaere. bea a 
et vt ' ar | age ¢ ; soe ’ 
fra ee ee eee SEU Ep OOOT 


‘get 





Page 57 of 74 





FIGURE 5-6 , EXFCSURS PROFILE, Mission 1109, Psaylcsd CR-10 


Aft - Looking Camera #320 , Fass #235. 


Launched 2215Z, 4 March 1970 
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D. PROCESS CONTROL 

All of the Mission 1109 flight films were processed without incident. Dual 
gamma processing was used on all pan camera film. Using samples of flight film 
removed before the flight, controlled exposure step tablets were added to the 
head and tail of each camera film and processed with it to verify process control. 
The measured densities from the processed step tablets provide a sensitometric 
curve (D - log E curve) that defines the process performance. The curves for 
the tablets at the head of each film segment are regarded by the processing 
facility as the best single estimate of the actual process. These four curves are 
shown in Figures 5-7 through 5-10. Process results are essentially nominal except 
for the base fog level which averaged 0.26 rather than 0.20. 

E. MACRO DENSITY MEASUREMENTS 

Representative diffuse density measurements are supplied by AFSPPF. These 
values along with target microdensity measurements are used by Advanced Projects to 
evaluate exposure performance and improve criteria for future missions. 

AFSPPF reported that Mission 1109 was among the best exposed of the 1100 
series The frequency distributions of terrain minimum and maximum densities of 
the forward and aft cameras are summarized in Figures 5-11 and 5-12 respectively. 

Starting with Mission 1107, AFSPPF has used the criterion of correct exposure 
as the total density range being within the 0.25 maximum gamma points of the mission 
sensitometric curves. These values are calculated from the R-2 sensitometric samples 
described in the preceeding paragraphs. For the forward camera, this is equivalent 
to a density range of 0.34 to 1.70; for the aft camera a range of 0.34 to 1.73. | 
Frames whose terrain densities do not fell within this range are characterized as 
overcxpesed, underexposed, or exposed beyond the dynemic range of the film. The 


results of this analysis are shown in Table 5-1. 
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FIGURE 5-11 
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TABLE 5-1: MACRODENSITY EVALUATION 


Camera/Evaluation Frames Percent 
Forward Camera: 690 
Within control limits 625 90.57 
Overexposed 1 0.15 
Underexposed 64 9.28 
Exposure exceeds dynamic range 0 0 
Aft Camera 683 
Within control limits 650 95.17 
Overexposed 1 0.15 
Underexposed 30 4.40 
Exposure exceeds dynamic range 2 0.30 
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A check of the raw density data shows that most instances of underexposure 
involve values that are only one or two hundredths below the 0.34 criterion. 

The extreme low value for the whole mission was 0.29. It is also found that most 
cases of underexposure are at locations that head been reported during the flight 

to be snow covered but are listed in the density records es not having snow. This 
situation raises questions about the adequacy of either the weather data or the 
four inch snow depth boundary line. The four inch snow depth has appeared to be 

e very good criterion in several previous checks es well as at other transitions in 
this mission. However data is not available to resolve the question for the 
instances noted. 

The difference in percentages of frames within control between the two cameras 
is probably due to a small error in the filter factor used by Advanced Projects for 
the W-23A filter. This error is probably less than 0.10 exposure value units in 
overstating the filter factor. A correct value would have placed the percentage 
of aft camera frames within control closer to 90 percent. This filter factor 
question has been observed in earlier missions but has not been adjusted because 
of the small magnitude and uncertainty of the precise correction. 

F TARGET DENSITY MEASUREMENTS 

| A technique of evaluating photographic exposure performance through micro- 
densitometry of specified operational targets was developed under Project Sunny. 
The Sunny tecenicued were applied to Mission 1109 by AFSPPF. 

A total of 46 targets were analyzed. Of these, it was recommended that the 
ee be increased on two and be reduced on two. An increase of two-thirds of 


a stop was recommended for two targets. of these, one met the A/P density criteria 
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but would have been improved by the recommended increase. The other was an 
unusuelly dark target (railroad cars) that needed more exposure although the 
overall scene was correctly exposed. 

An exposure reduction of one full stop was recommended for a snow-covered 
aircraft-on-runwey scene which was overexposed per A/P criteria. The reason for 
overexposure was coverege farther north on the same pass that was reported to have 
no snow cover. The exposure control system can not accommodate this situation and 
the best alternative was used The other exposure reduction recommended was one 
and one-third stops for an unusually bright scene, a missile launcher located in a 
desert area The smallest slits available were used for this operation and no 
correction wes possible. 

It is concluded that the Project Sunny enalysis indicated excellent exposure 


control within the cepebilities of the J-3 systen. 
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IMAGE SMEAR 


A. VEHICLE ATTITUDE AND RATES | 

A "Frame Time And Attitude Date" tape is supplied to Advanced Projects by 
NPIC. This tape contains the time word for each frame of panoramic photography. 
It also contains for each frame the pitch, roll, and yaw attitude elements that 
have been interpolated from the stellar photography of the DISIC. Using either 
this tape, or time values from the system tape recorder, a computer program at 
A/P calculates the exposure time of each frame and compares the camera cycle rate 
with the APF ephemeris to calculate the V/h mismatch (Section 3 D). Then, using 
the NPIC attitude data for each frame, rates are calculated and combined with the 
crab error required to compensate earth rotation at the latitude of each frame. 

The computer program rejects the first three frames of a11 operations as the 
large V/h error on the start-up cycles is not representative of the overall system 
operation. 

Because of a change in the NPIC reference system for yaw angles starting 
with Mission 1108, the Advanced Projects computations utilizing this value are no 
longer valid. Until the inpit and output programming can be made ooupatible, yaw 
data and the subsequently derived cross-track resolution data are omitted from 
this report. An examination of the NPIC raw data and of the photography itself 
demonstrates that the omitted data does not contain significant anomalies. 

The hagetioed Projects computer program also plots the frequency distribution 
of the rates and errors. These plots are not included as a part of this’ report but 
are maintained at A/P for reference. Mission 1109 attitude and rate errors are 


summarized in Table 6-1. 
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TABLE 6-1 
VEHICLE ATTITUDE AND RATE ERRORS 


Mission 1109-1 Mission 1109-2 
Value Units Camera 90% Range 908 Range 
Pitch Error (degrees) Fwd 0.63 -0.04 to +0.92 0.54 +0.12 to +0.84 
Aft 0.53 +0.14 to +0.84 0.63 0.00 to +0.92 
Roll Error (degrees) Fwd 0.14 +0.02 to +0.36 0.12  +0.02 to +0.25 
Aft 0.12 +0.02 to +0.25 0.15 +0.01 to +0.33 
Pitch Rate error (°/nr) Fwd 38.85 -85 +to+100 29.26 -85 to +95 
Aft 29.04 -85 to +95 38.86 ~80 to +100 
Roll Rate error (°/pr) Fwd 22.43 +75 to +85 20.82 -50 to +100 
Aft 20.51 ~-55 to+100 22.14 -9 to +85 
Yaw Rate error (°/hr) Fwd 25.86 -90 to +90 25.92 -65 to +85 


Aft 27.19 -65 to +80 27.01 -90 to +90 


% 
Yaw angle error omitted because of lack of reference system data. 


B. SMEAR ANALYSIS 

The computed attitude and rate data discussed in the preceeding paragraphs 
are combined with pan camera geometry to provide measures of potential cae 
performance at the center of each format. One measure is the percentage error of 
image motion compensetion. The other measure, termed "resolution limit", is equal 
to 70% of the motion in object space (on the ground) that occurred during the 
exposure interval. These waiiae. meesured in-track and cross-track, approximate 
the best ground resolution that could be achieved by a camera system of unlimited 
resolution capability. As noted in the preceeding paragraphs, the reported yaw data 
is not presently usable. Therefore the cross—track components of resolution limits 
which utilize yaw angle error sre omitted from this report. From analysis of the 
yaw rate data and the characteristics of the Enotopeunhy itself, it is possible to 
sey with considerable confidence thet the cross-track components of resolution 


limits are comparable with the in-track values summarized in Table 6-2. 
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TABLE 71 


ESTIMATED SYSTEM RELIABILITY 


Opportunities Estimated 
Function To Operate Failures Reliability 

PRIMARY 

Penoramic Cameras 768,000 cyc. 4 98.19% 
Pan Camera Doors 150 msns. 0 99.55% 
Command & Control 16,872 hrs. 2 97.37% 
Clock 16,872 hrs. fe) 99.30% 
Combined On-Orbit Functions ~ - 94.51% 
Recovery System 121 msns. 1 98.61% 
SECONDARY 

Horizon Cameras 163,000 cyc. 0 99.364 
DISIC 45,167 cyc. 2 75. 26% 
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included in these calculations. The effect of such adjustments would be to 

lower the reliability estimate slightly. For example, the original DISIC mission 
was 4800 cycles. (Arbitrarily, the cycle count of the terrain camera is used). 
With the additional 200 feet of terrain film flown on this mission, the actual 
terrain cycle count was 5109. If the DISIC mission reliability is based on 

5100 cycles rather than 4800 cycles, the reliability is reduced from 75.26 


percent to 73.93 percent. 
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